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Y pobGoTi HaBegeHi pesynbTam po3paxyHKiB perpecuBHoOi  Mogeni rigpaeniyHux BIpart
TEXHOIMOriYHOro obnafgHaHHs, 3okpema wubepHoro Hacocy CB1-25, akuii BUKOPUCTOBYETHCS B
npakmui nabopatopHOro  OOCHiAXeHHsA rigpaBniyHoro obnagHaHHa (TO) B pamkax
HaB4yarbHOro npouecy Ha Kadeapi TeopemyHOT  MEXaHikM, MallWMHO3HaBcTBa  Ta
poboTomexaHidyHnx cuctem HAY «XAl». 3aBgaHHAM pobOTM BUCTyMano BCTAaHOBMEHHS
XapakTepy Ta (pakTMYHMX rigpaBnidHUX BTpaT Y 3aneXHocTi BiA rigpasniyHOro HaBaHTaXXEHHS.
3a oTpMMaHuMKn gaHMMK, B CBOK 4Yepry, METOK BUCTyNasio BCTAHOBMEHHS MaTeMaTMYHOT
MOZENi 3anexHOCTi BTpaT Big HaBaHTaxeHHs [O. B xopi npoBefgeHHsa psgy eKCnepuMeHTiB npuy
nocnigoBHoMy 30iMblUEHHI rigpaBniyHOro HaBaHTaXeHHs, dikcyBammca BuUTpam  poboyoi
piavHM Ta TrigpaBniyHa MOTYXHICTb CUCTEMW; OOYMCNOBanMCb BTPATM  MOTYXHOCTI  Ta
rigpaesniyHui KK cuctemn. BHacnigok npoBedeHHs eKCNEpUMEHTY NiaTBEpAXKeHa HeniHiiHa
TEOpeTMYHA, a came, napaboniyHa 3anexHiCTb BTpaT Big HaBaHTaXEHHs, sKa onucaHa
napabomniyHo  perpecielo nNpu HeyB'aA3Ui Mogeni, wo He nepesuwye 4%. OTpumaHa
MaTeMatMyHa MoJenb BTpaT B nojanblioMy Moxe OyTu BukopucTaHa Ans noOyaoBM MOBHOT
CcTpykTypHOi Mogeni O i geTtanbHOro aHanisy d@akTopis, L0 0OyMOBMOKTE MOSIBY BTpaT MOro
NnoTy>xHocTi. MatemamyHa MoAenb BTpaT peanbHOro obnagHaHHs, Lo oTpumMaHa B XOfi
eKcnepuMeHTansHoOro gocnigXeHHs moxe 6ym gogaHa ao BXke icHytodoi mogeni MO 3 meTtoto
HeniHinHoT kopekuii noro KK npu 3amiHHOMY rigpaBniyHOMY HaBaHTaXKEHHi B pearlbHUX yMoBax
BUKOPUCTaHHS. B xogi po3paxyHKy MartematuyHoi mogerni OynuM chnpolieHi ge-ski etanu
MaTeEMaTUYHOrO MOAENOBaHHA, a came: He po3rnsganuca Mogerni 3 Ginbll BUCOKUM CTyrneHeM
noniHoma (To6TO He 3MiHIOBaBCSI TWM PErpecuBHOI  3arfeXHOCTi), He npoBoAunacs
XapakTepucTuKa 3HaYyLLOCTi OTPMMaHNX KOediLEHTIB 3a iX PO3KMOAOM MpU 3MiHi 30BHILLHIX YMOB
3actocyBaHHsa [O. 3actocyBaHHs Yy poboTi notyxHoi matemamdHoi CAIMNP Sim Hidraulics
(MATLAB) Hagae MOXMMBICTL CMPOLLEHHS MpoLecy MpPOEeKTyBaHHA  HOBITHIX cuctem
rigpaBnivyHOi aBTOMaTUKM 3 ypaxyBaHHAM AOCHIAXKEHNX 3aneXHOCTEN.

Knouyoei cnoea: rigpaeniyHe oOnagHaHHS, rigpaBnivyHi  BTpaTW, rigpaBrivyHuiA  onip,
perpecuBHuUA aHani3, CTPYKTypHE MOZEMOBAHHS, TEXHOMOrIYHI napameTpu.

BcTtyn

CyvacHun eTan poO3BUTKY NPOMWCIIOBOI rigpasriku (MpomMucrioBi poboTwy,
Bepctatn UK, Towp) Bumarae Bce 6ifblW TOYHILWOrO Ta HAWWBWALLOMO
Nno3uLioHyBaHHA feTaren Ta iHCTPYMEHTY B yMOBaX LLMPOKOro Aiana3oHy 3MiHW Macu
MEXaHIYHOr0 HaBaHTaXEHHs MPU BUKOHAHHI JOMOMIXKHUX JOTiCTUYHUX npoueayp Ta
MexaHi4yHol BepcTaTHOT 06pobku. lNpu LbOMY Ha rigpaBfiyHe obragHaHHs, SIK Ha
HaMMOTYXKHiLLE Ta HAWTOYHILLE HaKragarTbCs 0cobrmBi BUMOru ctabinbHocCTi poboTn,
BPaxoOBYHOUM YUCIiEHHI rigpaBfiyHi  yaapu, WO BUHMKAKOTL B XO4i KomyTauii
po3nodinbyol  anapatypu. 3 UMX MPUYUMH OO0 XapaKTepuCTVK MNPOAYKTUBHOCTI
riapoHacocCiB BUCYBaOTLCHA BUMOTM X CTabiflbHOCTI y BCbOMY Aiana3oHi NOTYXHOCTEN
H(Q), skun BOHU NepeKkpunBatoThb.

3aBOaHHs  MofernoBaHHA  rigpoHacociB  posrnsgarnocs B 6aratbox
OOCHIKEHHSX PI3HMX MPOBIAHUX HayKoBMX KorektmeiB Ykpailm [1..3], B sKuX
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BUCYBAIMCb  MEBHi Ui MoAernoBaHHsA. 3o0kpema B OOChimpkeHHsax  [1],
nepecrnigyBanacb MeTa BMBYEHHS MOXImMBOCTEN cepepoBuwa Sim Hidraulics (CATMP
MATLAB) 3 npuBogy HabrwkeHHss napamMeTpiB MoAeni BiAUEHTPOBOro Hacocy
fonaTteBoro Tuny A0 pearnbHoro o6’ekTy MEeTOAOM HadaHHSA MOro XapakKTepuCTuK
HanawTyBaHHAM BOygoBaHux napameTpiB mogeni. B poborTi [2] B CAIP Sim Hidraulics
PO3rrsiHyTa CTPYKTYpHa MOefb CUCTEMW KepyBaHHS CTOMOPHUM  MeXaHi3MOM
MawmH1 6e3nepepBHOro fMTTA 3aroToBkM. MeTa mMogentoBaHHA — MOKpaLLEHHS
AVHaMiYHUX BIIACTUBOCTEN rigpaBnivyHOro CTOMOPHOro MexaHiaMmy Arsi 3abe3neyeHHs
NigBUEHHS NPOAYKTUBHOCTI Mmpouecy po3rmBy meTana. B po6oTi [3] 3anponoHoBaHO
y3aranbHeHy CTPYKTYpY MoAersi NpOMUCIIOBOro rigponpuesogy, sika pospobreHa 3
METOI BU3HAYEHHA eHepreTuYHOl edPEKTUBHOCTI CUCTEMMW.

HasBHa poboTa Mae Ha MeTi BCTAHOBMIEHHA MaTeMaTudHOI Mogeni BTpar
riapaBnivyHOi piavHM O6’€MHOr0 Hacocy B 3aneXHOCTi Bif 3MIHHOrO rigpaBrivyHOro
oropy cuctemMu 3 METOI MOAAsbLIOro HabsMKEHHs MoAerni OO pearbHOro BiabutTa
di3n4HMX npouecis, WO BiabyBalTbCA B rigpaBniyHoMy obragHaHHI.

CTpyKTypa aBTOMaTU30BaHOrO rigponpueoaa

Ha puc. 1 HaBegeHO CTPYKTYpHY MOZAErb rigpasBrivyHOi CUCTEMU MPOMUCIIOBOrO
poboTta, ska BiatBopeHa B obpasax CAINP MATLAB i Bigobpaxae peanbHUN
rigpaBniyHMn  CTeHd, WO BUKOPUCTOBYETBCA NpW  BUBYEHHI Kypcy «[ligpo-
enekTponpuBoan poboTiB Ta BepcTtaTtiB 3 UlK», akun BuKnagaetTbca Kadeapor
TEOPETMYHOI MEXaHiK1, MaTepiano3HaBCcTBa i pOOOTOMEXAHIYHUX CUCTEM CTyAEHTaM-
poBOTOTEXHIKAM.
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Puc. 1. CTpykTypHa MoAenb rigpaBniyHOro cteHay Ans AOCHiMKEHHS XapaKTepucTuK
rigpaBnivyHoro obrnagHaHHs: 1 — KOHCTaHTa 3afaHHa 3MiHHOro onopy rigpaBfiyHOro
apocensa 2; 3 — 30f0THUKOBUMA PO3MoAirtoBay 3afaHHs Hanpsamy pyxy LLTOKY
rigpounnivapy 4; 5 — 3BOpOTHUM KranaH; 6 — Modyrnb KOHTPOSIO KOOpAMHATK Ta
LWBWOKOCTI; 7 — MOAYrb KOHTPOSO TUCKY Y 3MMBHI MaricTparni; 8 — Mmoayrnb cuctemu
KepyBaHHA rigpasrivyHOK anapaTypolo.
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CteHg npusHaveHnn AOns po3pobkm Ta pocnipkenHHa napameTpis O, wo
BUKOPUCTOBYETLCS B NpOMUCIIOBUX poboTax Ta BepctaTax 3 UlMK. B xogi nposoamnoch
AOCHiHKEHHST Ta MOAESOBaHHS HENiHIMHMX rigpaBniyHMX BTpaT B 06’€éMHOMY Hacoci,
AKi BigbyBarmMcsi 3a 3MiHM HaBaHTaXXEHHSA T[igApaBfiyHOI CUCTEMWU pPEryrtoBaHHAM
npoxigHoro oTeopy rigpasnivyHoro gpocensa 2 (M55-21) (puc. 1) 3a ymoBU 3BOPOTHOO
pyxy rigpouuniHgpa 4, HanpsaM pyxy SKOro perynioBaBcs po3nogifioBavyem
30M0THUKOBOrO Tuny 3, a WBWAOKICTb KepyBanacb posnoginoBadem 5. B mogyni
KOHTPOSIO 34iMCHIOBANoOCh BUMIPHOBAHHA OUCTaHUiT Ta 4acy pyXy a TakoX TUCKY Y
3rmBHIM Marictpani (B) rigpouwnningpa. Npu po3paxyHkax rigpasfiyHuMX BTpaT Hacoca

NPOBOOUIMCE OBYMCIEHHST CeKyHOHOI nofadi rigpasnivyHoOl pPignHW 0, :V/ l; Ta i

MOPIBHAHHA 3 BTpaTtaMu Mpu MOBHICTIO BIAKPUTOMY Apocer QO:V/tO. OaHi
eKCrepuMeHTy 3aHeceHi o Tabn.1.

Tabrmmua 1
[aHi ekcnepumMeHTy BU3HauYeHHs rigpasnivyHmx BTpaT 06’emHoro Hacocy CB1-25
lMopasnivHi MoBHa
BTPaTK , .
No Tuck P, | Apocerb, |Yac pyxy, | Monava T rifpasrivHa
| ATM K-MMm? c O,, nlc Oipr =9 — 9, MOTYXHICTb IV,
n/’c kBT
1 30 12 66 0.1136 0.02791 3.408
2 20 20 59 0.1240 0.0175 2.481
3 10 32 56 0.1339 0.00758 1.339
4 7 42 53 0.14151 0 0.9906

TeopeTuyHa Moaenb 3aneXxHoCTi rigpaBniyHUX BTPaT Bif HaBaHTaXeHHA

Buxoasum 3 nonepeaHbOro aHanisy oTpMMaHuMx AaHux, 3a OCHOBY NPUMAMEMO
napaboniyHy 3anexHicTb BTpaTt pobo4oi pianHK, AKi 30iNbLIyIOTLCSA 3 POCTOM TUCKY
rigpaBnivyHOro HaBaHTaXEHHS Yy BUMMAAI:

2
KoedinieHT mogeni MOXyTb OyTn 3HaMOEHI 3a METOAOM HaMMEHWMX KBagpaTiB
(MHK) 3 piBHAHb, AKi OTpUMaHi 3 doyHKLioHarny:

2
n
— i 2
F(ai)—mmZ[ye—(ao+a1x+a2x )J . (2)
1
[ns cnpoweHHa obuuncneHb OOUinbHO MoYaToK Bigniky abcumnc X; pO3MiCTUTK B
cepedvHi  iHTepBarly €eKCnepuMmeHTanbHO  3HATUX 3HA4YeHb | CKopucTaTuCS

CUMETPUYHUMM 3HAYEHHAMW X.. Y LibOMY BMNAOKY BCi CyMU HEMAPHMX CTYMNEHIB §) OyTb
i

obepTaTnCs B HymMb, LIO 3HAYHO CNPOCTUTb CUCTEMY PiBHSHb.
KoedilieHTM ao...a2 € HeBigoMMMM 3MiHHMMW. Y BignosigHocTi o (2)
CKINagJaemMo CUCTEMY PiBHSHb:
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Micna  obuymcreHHs KoeilieHTiB  perpecuBHoi  MoAeni  HeniHiMHOT
XapaKTepuUCTUKW rigpasrivyHMX BTpaT 3a HaBegeHUMKn dpopmyramMu i pekomeHgauisimm
[4], oTpumaHa napaboniyHa perpecuBHa 3anexHictb (4), sika MOAENOE pearsbHi
rigpasniyHi BTpaTn Hacoca CB1-25 3a HopmanbHUX yMOB ekcnryaTauil.

Qgr =17.5+(P—-20)(1,015+0,0025(P - 20)), 4)
ne gy —BTpatM B MIVC, P — 36UTKOBUIA TUCK B ATM.

HeB’'siska perpecii He nepesuwye 0,11 ms/c, WO He nepesBulye BiAHOCHOT
noxubkn mogen 4%. Cama X perpecvBHa 3anexHiCTb MOXe B nojarnbuomy 6ytu
BUKOPUCTaHa npwu MoAerntoBaHHi peanbHux Bractmeocten MO.

BucHoBKMu

OTtpumaHa  mogernb  BTpaT  rigpaBfiyHOro  obriagHaHHs 003BONsiE€
3anpornoHyBaT MEBHUM YMHOM HabmKeHy A0 pearnbHOCTI Moaernb BTpaT 06’ €eMHOro
Hacoca CB1-25, wpo, B CBOK 4epry, A03BOSIIE PO3LMPUTU LOCHIHKEHHA MNPUYUH
3MeHLWweHHa rigpasnivyHoro KK ta po3pobui 3anobikHMX 3axofiB Ha LibOMY LLISIXY.
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3aBOaHHa MOAErnoBaHHA rigpasBnivyHOro obragHaHHA, 30Kpema rigpoanapartiB
06’eMHOI Aii € akTyanbHUM 3 ornsgy Ha po3pobKy HOBITHbOro O, Wo O03BONSE BXe
Ha eTani NPOEeKTY OLiHWUTM SKICHI MOKa3HUKW ManbyTHIX arperaris.

MaTtemaTuyHe MOJESNOBaHHA € HeBif €EMHOK YacCTKOK HaBYaslbHOro npoecy,
L0 CYTTEBO Crnpusie akTuBaLlii KPUTUMHOIO MUCHEHHS 3400yBadiB OCBITM B TOMY YMCH
3a YMOB AWUCTaHUiNHOIO HaBYaHHS.
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Modeling of characteristics of hydraulic devices of automation

The paper presents the results of calculations of the regression model of
hydraulic losses of technological equipment, in particular, the gate pump SV1-25,
which is used in the practice of laboratory research of hydraulic equipment (GE) as
part of the educational process at the Department of Theoretical Mechanics,
Mechanical Science and Robotic Systems of NAU "KHALI". The task of the work was to
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establish the nature and actual hydraulic losses depending on the hydraulic load.
According to the obtained data, in turn, the goal was to establish a mathematical model
of the dependence of losses on the load of the public utility. In the course of conducting
a number of experiments with a successive increase in the hydraulic load, the flow rate
of the working fluid and the hydraulic power of the system were recorded; power losses
and hydraulic efficiency of the system were calculated. As a result of the experiment,
the nonlinear theoretical, namely, the parabolic dependence of the losses on the load,
which is described by parabolic regression with a looseness of the model that does not
exceed 4%, was confirmed. The obtained mathematical model of losses can be used
in the future to build a complete structural model of the GE and a detailed analysis of
the factors that determine the occurrence of its power losses. The mathematical model
of losses of real equipment obtained in the course of experimental research can be
added to the already existing model of the GE for the purpose of non-linear correction
of its efficiency under variable hydraulic load in real conditions of use. During the
calculation of the mathematical model, some stages of mathematical modeling were
simplified, namely: models with a higher degree of polynomial were not considered
(that is, the type of regressive dependence was not changed), the significance of the
obtained coefficients was not characterized by their dispersion when the external
conditions of the application of the GE were changed. The use of the powerful
mathematical CAD Sim Hidraulics (MATLAB) provides an opportunity to simplify the
process of designing the latest hydraulic automation systems, taking into account the
studied dependencies.

Key words: hydraulic equipment, hydraulic losses, hydraulic resistance,
regression analysis, structural modeling, technological parameters.
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